Obesity affects numerous diseases, including asthma, for reasons that remain incompletely understood. Recent research suggests that the asthma of obesity is not a single disease, and that it breaks out into at least two distinct phenotypes. One phenotype is conventional allergic asthma modulated by obesity, whereas another arises solely due to the presence of obesity. The latter is postulated to be a consequence of the chronic lung compression caused by the obese chest wall in individuals with particularly collapsible lungs. Allergic obese asthma, on the other hand, appears to result from the way that obesity affects the immune system, which we hypothesize can be understood in terms of effects on the dynamic regulation of the inflammatory response.
The obesity epidemic that is currently sweeping the world is increasing the incidence of numerous diseases, and asthma is no exception (1) (2) (3) . Intuitively, this is perhaps not surprising, given the general metabolic dysregulation that accompanies morbid obesity, although exactly why asthma in particular should be impacted, and how to manage it in any given patient, remain poorly understood. Nevertheless, some important recent advances are beginning to shed light on this complex situation.
Dixon and others (4) (5) (6) (7) (8) (9) have reported that obesity-associated asthma breaks out into at least two distinct groups. One group is composed of individuals with early-onset atopic (EOA) asthma whose disease does not remit when they lose weight, even though symptoms may improve. These individuals thus appear to have a conventional form of allergic asthma that is modulated by the obese state. There is another group composed of individuals whose asthma is of a late-onset, nonatopic (LONA) form that resolves when they lose weight, and so appears to arise purely as a function of obesity. EOA and LONA obese asthma thus seem to be distinct diseases. Here, we discuss how different pathophysiological processes might underlie EOA and LONA asthma, and how these might account for the similarities and differences in their physiological phenotypes.
LONA Obese Asthma: A Matter of Lung Compression
There seem to be, broadly speaking, two distinct ways in which extreme obesity could affect the severity and nature of asthma. One of these is via alterations in systemic inflammatory status; adipose tissue is metabolically active, and, in particular, is known to produce inflammatory mediators that presumably could play a role in any inflammatory disease, including allergic asthma (10) . LONA obese asthma and its associated airway hyperresponsiveness could thus result from such an inflammatory milieu, something that would resolve with weight loss along with the asthma itself (11). Inflammation is not, however, an obvious component of LONA asthma, so it is perhaps more reasonable to assign pathogenesis to the other cardinal effect of obesity on the lung, namely, reduced FRC due both to compression of the thorax by subcutaneous fat over the trunk and to occupation of the thoracic cavity by visceral fat. In support of this hypothesis, we have recently shown that respiratory system impedance is elevated more in obese subjects with LONA asthma compared with obese subjects without asthma, and that major weight loss leads to a greater reduction in lung stiffness in subjects with LONA asthma (10) . In fact, it is very well established that airways responsiveness is increased dramatically when lung volume decreases below normal FRC, something that can be explained by the associated reductions in the outward tethering forces that the parenchyma exerts on the airways to which it is attached (12) (13) (14) . This hyperresponsiveness can result both from increased airway narrowing and from increased closure of peripheral airways, the latter likely due to liquid bridge formation across the lumen (15) . It is thus entirely expected that the lung will become hyperresponsive, and thus more "asthma-like," as a result of being compressed by mass loading of the chest wall.
This hypothesis, however, leaves open the question of why obesity does not transform everyone into an individual with LONA asthma. There are several possible answers to this question, including the issue of how excess adiposity is distributed around the body; preferential allocation to the buttocks would, for example, have less of a lung volumereducing effect than allocation to the thorax and abdomen. Another possibility is that there may be naturally occurring differences in susceptibility between individuals to become hyperresponsive for a given decrement in lung volume. In this regard, we recently focused on the possibility that there might be a natural degree of interindividual variation in airway wall stiffness, and showed, using computational modeling, that as lung volume becomes progressively depressed with increasing weight, there is a progressive increase in the fraction of the population with more than average compliant airways that becomes hyperresponsive to methacholine challenge (16) . It is therefore conceivable that, whereas most individuals in the normal population have airway stiffnesses that are unproblematic at normal weight, when superimposed on a background of progressing obesity this population manifests an increasing prevalence of asthma-like symptoms.
EOA Obese Asthma: A Matter of Aberrant Inflammation
Our computational modeling also revealed, however, that the same kind of progressive fractional increase in asthma among the general population is predicted to occur as the airway walls thicken (16) . Such thickening could be due to inflammatory processes that expand the airway epithelium and other components of the airway wall and increase mucus secretion (17) , although this seems more likely to explain the increased incidence of EOA rather than LONA asthma among obese individuals. Furthermore, airway inflammation is expected to be somewhat labile, due to variations in the activity of the immune system and the environmental challenges that activate it, whereas airway wall stiffness is likely to be relatively stable over time, because it reflects the nature of the connective tissue and cartilage of which the walls are comprised. This could account for the fact that EOA asthma is the more labile of the two phenotypes, being more associated with disease exacerbations (6, 7). Nevertheless, EOA obese asthma is not as simple as regular (i.e., lean) allergic asthma compounded by a greater severity of systemic inflammation. Indeed, obesity appears to ameliorate some markers of type 2 inflammation (9, 18). Obesity thus might have conflicting effects on individual components of the immune response that combine to produce allergic inflammation. This is likely also true for other diseases, such as acute respiratory distress syndrome (ARDS); although obese individuals are more likely than lean individuals to develop ARDS, they are also less likely to die from it (19) .
As a possible route toward understanding this confusing picture, we note that inflammation is a dynamic process that waxes and wanes as the immune system first mounts a defensive response against a perceived threat, and subsequently attempts to return toward a noninflamed state. The resolution of established inflammation is, in fact, as crucially important as its instigation, because failure of resolution places an individual at risk for chronic inflammatory pathology. We recently advanced the hypothesis that the control of the inflammatory response is based on much the same principle as control of skeletal muscle activity, namely, via the repetitive invocation of a self-limited unitary event called a twitch, albeit manifest over very different time scales (20) (21) (22) . The "inflammatory twitch" that constitutes the unitary event in inflammation is thus posited to follow a characteristic time course that, once initiated, proceeds eventually to the noninflamed state as the organism returns to baseline. A useful aspect of this hypothesis is that it allows one to focus on how extrinsic factors, such as obesity, might affect the various temporal components of the inflammatory twitch. Here, we offer a perspective that might explain how obesity seems to have both exacerbating and protective effects on inflammation. Figure 1A presents a highly simplified model (perhaps the simplest possible) capable of exhibiting an inflammatory twitch response. This model, expressed as a set of coupled differential equations in the online supplement, is a distillation of the essential features of our previously published agent-based model of allergic inflammation in the lung (20, 21) . The simplified model consists of a compartment of sentinel cells (e.g., antigen-presenting cells, mast cells, macrophages, epithelium) that initially registers a threat and then sends a signal to a compartment of proinflammatory cells (neutrophils, eosinophils, etc.) that constitute and amplify an inflammatory response. This response is designed to deal with the threat, but at the expense of causing collateral damage to the tissues. Indeed, it is this collateral damage that is probably the main manifestation of pathology in allergic asthma or ARDS. The damage itself then signals a reparative process (the antiinflammatory compartment), involving fibroblasts and other wound-healing machinery, that attempts to repair the damage. Importantly, the action of the antiinflammatory compartment is delayed (by an amount of time designated by t in the model in Figure 1A ), which allows inflammation to ramp up to a biologically effective level before it is eventually reversed and returned to baseline. Figure 1B shows the compartmental responses (solid lines) as functions of time from the instant of threat perception at time 0, with all the rate constants arbitrarily TRANSATLANTIC AIRWAY CONFERENCE S396 assigned a value of 1 while the time delay t has a value of 5 (all in arbitrary units). The amplitudes of the responses do not mean anything biologic in absolute terms, but they demonstrate that this model exhibits a transient response that eventually returns to baseline in all compartments, as would be expected of a system with appropriate homeostatic control. Now suppose that obesity results in two opposing effects. On the one hand, because of the general up-regulation in the inflammatory milieu in the obese individual (23), the rate constant connecting the sentinel cells to their target inflammatory cells (K SP ) is increased. We represent this effect in the model by increasing K SP arbitrarily from 1 to 4 so that the system is primed to react more vigorously to a threat. On the other hand, because of the adverse effects of obesity on health in general, it seems at least plausible that the immune system just does not work as well in obese compared with The values of these model parameters are not tied to any experimental data, and have thus been chosen merely to make the point that is demonstrated in Figure 1B (dashed lines), which shows an altered inflammatory response that is initially elevated, possibly corresponding to the increased risk of asthma (1) (2) (3) or the greater rates of ARDS (24) (25) (26) caused by obesity. Subsequently, however, the peak of the response is depressed, which could correspond to the obesity-associated attenuation of type 2 inflammation in asthma (9, 18) or the decreased risk of death in ARDS (24) (25) (26) . This model is, of course, an enormously simplified representation of an extremely complicated system with innumerable players interacting over many time and length scales. Nevertheless, it serves to illustrate how a factor such as obesity can exert competing risks on a disease process in ways that might initially seem counterintuitive.
Conclusions
Obesity affects the clinical manifestations of asthma in a variety of ways. In some cases, it seems that obesity modulates existing allergic disease, whereas, in other cases, the compressive effects of an obese trunk reduce 
